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# Motivation
# Signal and background
# Event selection

# Systematic uncertainties

# Statistical analysis

# Cross section extraction
# Significance calculation

# Multivariate Methods

# Dedicated talks by A.Heinson, C.Gerber, M.Pangilinan (DO)
and B.Casal (CDF) in this session

# Combination
s |V, | measurement

# Summary and outlook
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The Top quark

Discovered in March 1995 Top s
Top Width |
t

/ Production
\ cross section

W helicity

Anomalous
Top Charge Couplings

T .
op Spin P

Production violation
mechanism P

0, .= 6.820.6 pb @175 GeV [Fyuu-

production

N.Kidonakis et. al., M.Cacciari et. al.,
S.Moch, P.Uwer et.al. Production
kinematics

Top charge
# Main mechanism asymmetry

# Distinct signature
# Thoroughly studied

# All knowledge comes from
strong production

Rare/non SM Decays

Branching Ratios

V.l
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m (GeV)
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Electroweak production

# Predicted 10 years before top quark discovery

S.Willenbrock, D. Dicus, Phys. Rev. D34, 155 (1986); S Cortese and
R Petronzio, PLB 253, 494 (1991)

# Observed 14 years after top quark discovery...

s-channel (tb) t-channel (tgb) Wt channel

o b b w

<

>mv< z t b »

175 Oy o 0.88x0.11 pb  1.98£0.25 pb g7sou";\ﬁrc])12h()§60§()av Small at Tevatron
170 o' NLO1 12+0.05 pb 2.34+0.13 pb N. Kidonakis, Phys. Rev. Important for LHC

D 74, 114012 (2006)

In observation analysis CDF (D0) assumes m=175 (170) GeV
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Long way to discovery

“May 3,.2009

o

. Search: PRD 63, 031101 (2000)
. Search: PLB 517, 282 (2001)
- Search: PLB 622, 265 (2005)
- W' PLB 641, 423 (2006)
. Search: PRD 75, 092007 (2007)
. Evidence: PRL 98, 181802 (2007)
. FCNC: PRL 99, 191802 (2007)
- W' PRL 100, 211802 (2007)
. Evidence: PRD 78, 012005 (2008)
. Witb: PRL 101, 221801 (2008)
. Witb: PRL 102, 092002 (2009)

| H* (PRL) arXiv:0807.0859
. Observation:  (PRL) arXiv:0903.0850

PRD 65, 091102 (2002)

. Search:
Run | . W PRL 90, 081802 (2003)
. Search: PRD 69, 052003 (2004)
- Search: PRD 71, 012005 (2005)
Run |l . Evidence: PRL 101, 252001 (2008)
. FCNC: (PRL) arXiv:0812.3400
. W™ (PRL) arXiv:0902.3276
. Observation: (PRL) arXiv:0903.0885
Single Top Signal Significance

Cross Section

Expected

Observed

CKM Matrix Elem

entV,,

December 2006 D@ (0.9 fb-1)

47+13pb

230

360

PRL 98, 181802 (2007)
V,fL| = 1.31

+0.25
-0.21

|V,b| >0.68 at95% CL

September 2008 CDF (2.2 fb-")

2.240.7 pb

490

370

Vift| = 088

PRL 101, 252001 (2008)

+0.13
-0.12

|th| >0.66 at 95% CL
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The Tevatron

Chicago

# The highest energy
particle accelerator in
the world

a8 Proton-antiproton
collider with Vs =
1.96 TeV

Run | 1992-1995
Top quark discovered!

Run I 2001-11(?) 5 source”
Single top quark Y
discovered!

Main Injector
& Recycler




| Climbing to the top...

Outstanding performance of the Tevatron! THANK YOU!

Fermilab Tevatron

Run Il Integrated Luminosity Dgl;vfel:fd

Recorded
5.7 fb™

Integrated Luminosity [fb™]

’ 2 2 fp-1 Evidence
analysis

2002 2003 2004 2005 2006 2007 2008 2009
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( What will we learn?

q t
Access to W-t-b vertex Vi
oV |
8 Probe V-A structure e tb
# Top quark spin 7 ;
Direct measurement of |V _|?
Sy : ud us ub uX
# Test unitarity of CKM matrix vV 27
# |s it 3x3 matrix? VCKIVI = Vcd Vcs Vcb cX*
# |s 4" generation possible? ?
St \Ytd Vie Vo Vux?
Yd? VYS? VYD? VYX?
Small mixing with 4" family is favored
Quite large mixing is still not excluded o Vsl vs [Vl
] Combination of L e
Constraints: R, and s- & t- os

tree-level 3x3 CKM elements channel cross
FCNC processes (K-, D-, By4-, Bs-mixing, sections =
b — s) J. Alwall et. al., Eur. .
Assumption: unitary 4x4 CKM matrix Phys. J. C49791
A. Lenz et al. in arXiv 0902.4883 [hep-ph] (2007).:
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SM and beyond | "

# Milestone for Higgs search in WH channel
# Same signature, 10 times smaller o

a Background to Higgs search

antiproton

# s- and t-channels are sensitive to different

processes beyond the standard model op » WH
t-channel
u,c t 7 q s-channel
w

q t q t

t W' H+

g g ;
Anomalous " b 7 b

FCNC (ug -t) couplings
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# s-channel
2 b-jets
Top quark decay

products and the b tend
to be all central

# t-channel
2 b-jets and one light

One of b's tends to be
I very close to the beam
pipe
# No striking signatures
as for tt

# Signal and background
distributions look similar

1400—

1200
10005—
sooé—
sooi—

a00—

200

Signal

— lepton
= b from t
= other b

5

1400
1zoof
1ooof
soof
eoof

400}~

2005

(-]
W

M Lo v vl wavalaves Foeay
-4 -3 -2-10 1 2 3 4
Eta

5

CDF Run Il Preliminary

o
o

-4 - g-channel
1

{ == t-channel |

o
~

Fraction of Events / Jet Bin
o
N

famaaaaag
H

o

Jet Multiplicity

Simulated with
# CompHEP-
SingleTop (DO0)
# MadEvent (CDF)

# Matching of LO and
NLO calculations
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Backgrounds ' |'

’E ' Total inelastic W+jets — dozninant background |
L) a o @ g p |
- 10 < o -
= - mb v
@ lﬂ-d bb ] TeTele
% | - 10 “n 1
E = 7 w d q V.VI/L w
10" - ub # Large cross section
6,000 # Shapes from Alpgen+Pythia MC
600 # Normalization and heavy flavor
fractions from data
é) Top pairs Multijet (instrumental)
» # Alpgen or Pythia & jet misidentified as electron
10 o Higes (ZH + WH) 40, .. e #@ Muon in jet appears isolated
16| ~ , @ From data
09000 T@0 160 T80 200 g $ 5=
Higgs mass (GeV)/c , gw ‘ q g
- t _
Other small backgrounds: ! ) b G
v
Z+ jets, diboson — from MC
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Building blocks

E Position of peak
; = = o(tb+tqb) .
£l / \ analysis
a - D
68.27% of area
2 oaf calibration
§ F ..r — it . ] o . i :.'.." ::.r:
§ 0.1 3 \
s T F
§ E [l T | =1
% 2 4 6 8

Single Top Cross Section [pb]

CDF Run Il Preliminary, L = 3.2 i’
210°

S+B B
06 0.8
tb Discriminant
10 m Obs —Pp
L signal

Elizaveta Shabalina (Uni 12



| Selection | (I+jets)

Starting S:B = 1:10°

# Single lepton (e, p) & METH+ jets triggers

D@ Single Top 2.3 fb™" Signals and Backgrounds

(All channels combined, before b-tagging)

' =
a One high p_ lepton =
5 t— 1 B
a MET and 2-4 (DO), 2-3 (CDF) high p_ o> iots I
; wob Il
jets wee I
- wej Il
# Cuts to suppress multijet background ol
# \eto to suppress Z and tt e
CDF Run Il Preliminary, L=3.2 fb’ —
6000 ' ' ' Emooof D@ 2.3 fb" Data
2 retagged weem | @ Verify
eono | g [ allchannels e ™ background model
L%m e % 50001 D:"I““;-: before b-jet tagging
o 7 = ultijets I )
Son00} < # Dominated by
S W+ light jets
1000 |+ g
0 if % 50 100 150
100 200 300 400 500 W Boson Transverse Mass [GeV]
H, [GeV]
Ma 2009  Elizaveta Shabalina (Uni Goettingen) — APS April 2009 meeti




Selection Il: b-tagging (I+jets)

D@ Single Top 2.3 fb™ Signals and Backgrounds

w N N t ag g e r (All channels combined, after b-tagging)
a 1 tight tag (40/9/0.4% b/cllight) or
a8 2 |oose (50/14/1.5% blcllight)

€ 1SVXtag
'@ 50/9/0.5+1.0% b/c/light

Additional flavor separation
# NN trained with 25 input variables

tb
tgp Il
tt— 11 B
tt — I+jets [l
woh [
wee Il
wcj Il

Wijj

Z+jets

Dibosons
Multijets [l

xn
500u

Il Preliminary, L=3.2fb"

a Continuous variable =]
[ t-channel ]
agn m 0 i Wlight i
# |Improves sensitivity by 10-15% 4000 o,
c B W+botiom |
@ 0 Non-W 1
£13000 mzee ]
TLC 2Jets 1Tag CDF Il Preliminary 3.2 b’ % =tEtJ|boson 1
5] - [ single top % '// ) =-CDF Data ]
= Ottt 24 Sys Uncert |
4 : [ Wbb+Wcgt © %000 - ! - 1
D 0] = ; : |
3 200__ -Diggson 2 01000 ]
: S %
— i I QcD B
-g | « data g
< 100 5 0
© - + é W+1jet W+2jets W+3jets W +4jets

05 0 05 ! Signal is smaller than the
KIT Flavor Sep. Output background uncertainty

“May 3,.2009 Elizaveta Shabalina sUni Goettingen) — APS April 2009 meeting

14



Selection || - MET+ jets

CDF Run Il Preliminary, 2.1 fb!

New channel e
# Recover non-fiducial leptons e C .y
and hadronic T decay T ! Signal |3
# Orthogonal to lepton+jets 400 , feglon e
@ METH+ jets trigger o + :
Huge instrumental background o %ﬂ 220 :
from QCD multijets 100" s % 2
# MET>50 GeV and veto leptons e B T E s
Event Selection NN Output
a E_>35(25) GeV 1%t (2™) jet
| @ Atleast 1 b-tag Signal (9 75 (8 9%
# NN to suppress multijet bckg QCD Background 2960 675 T7%
Signal region' ANN>-0.1 Total Background (B) 3840 1350 -65%
. ' SHS+B 12 18 +50%
Control region: ANN<-0.1
S/B 1/50 1120 +150%
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3.2 fb" (2.2-2.7 fb'in summer)

# Extended muon coverage
30% gain in muon acceptance
10-14% gain in sensitivity

360 g

- _omup MUON

270 .
i omx triggers

CMU
= CMP (_g Z
- 180 m
5, BMU Q@
i CMIO 1 _I
— -
st
—SCMIO o)
90 — CMXNT 0
07‘ L - S A Lo
2 15 1 05 0 05 1 15 2

# Additional channel MET+ jets
33% increase of acceptance

# Separate s- and t-channel searches

Improvements

2.6 times more data (2.3 fb™)

18% larger acceptance

Logical OR of many triggers
Looser cuts on 2" jet and muon p

Increased |n| for 1% jet (2.5 3.4)

Looser b-tagging requirements for
2 b-tag events

Additional cuts to reduce
background

T

Improved (more detailed)
background modeling

a Data-based corrections to Alpgen
model of W+jets

Improved treatment of multijet
background

\Max 3,.2009 Elizaveta Shabalina sUni_ Goettingen) — APS April 2009 meeting 16




w Yields

Event Yields Process [ + Hr +jets  Hr +jets |
in 2.3 fb~1 of D@ Data 255 events &-channel signal 773 +£ 112 206 £ 37
e,u, 2,3,4-jets, 1,2-tags combined [for M=175 t-channel signal 1138 £ 169 345 + 6.1 ]
tb + tqb 293 + 30 for m=170 W+HF T 15510 + 472.3 3044 + 1155
W+iets 2,647 + 241 tt b86.1 + 994 1845 + 302
Z+jets, dibosons 340 + 61 £ +jets 521 £ 80 1286 £ 53.7
P 1142 + 168 [hboson 1184 +£ 122 421 £ 6.7
. Multijets 300 + 52 QCD+mistags  777.9 £ 103.7 6794 + 279
Total prediction 4,652 + 352 Total prediction 3376.5 = 504.9 1404 £ 172
Data 4,519 | Observed 3315 1411
2 jets 3 jets 4 jets

# S:B ratios from 1:10 to

1:34 depending on
é number of jets and tags
# Most powerful channel - 2
jet, 1tag — S:B ~ 1:20

# Keep channels separately
“ 1:10 “ 1:15 “ 1:34 in the analySiS
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250
- <]
5 200 g
g it
© 150 =z Q@
= S o
| 5 =2
T 100 g B
o R
[&] g O
50 g
S
g
U o
50 100 150 200
E(i1) [GeV]
CDF Run Il Preliminary, L=3.2 fb"' =L
T T T T T [JW-light 40
[ Wachal
L VYot
" 250 ++ I =NnrrW 0
il Zvets = ap
5 200! epton | &%
I} L
[0
£ 150 2 20
o =)
2100 - E
m 4
3 éé" 10
&
c
§
s 0
20
a0l
42 3]
3 o
i |
© o 20
_‘15 150 7 E
5 55
S 100 =
o 8 1
50 5
o
S
0 a
100 200 300 400 500 0
H, [GeV]
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80

100

180 20
E(i1) [GeV]

CDF Run |l Preliminary, L=3.2 '

CDF Run Il Preliminary, L=3.2 fb'

EJE(] 0} PB[EDS OjET) SjUOly

100

200

300

EJE(] 0} PE|EIS OpED) BJUOW

400 500

Hy [GeV]

200

Candidate Events

-
[+1] [+:] Q
[=] Q a

Candidate Events
A
o

EJE(] 0} PB[EDS OpED) SjUOLy

Candidate Events
o
a

80

EJE(] 0} PE|EOS OJIBD) BJUOW

100

150
m(W)

30

20

10

Candidate Events

Candidate Events

CDF Run |l Preliminary, L=3.2 b

s -channel
[Wt-channel

[CIWalight
[MWacharm
W-+bottom
[@Non-W
Wzt
MlDiboson
|

= Data

EJE(] 0} PB[EOS OjED) EjUOLy

161

10

CDF Run Il Preliminary, L=3.2 b’

0.8

af

20

80

100

EJE(] 0} PB[EDS OpeD) EjUOLy

EjeQ 0} PE[EIS OpED BJUOY

180

m(W)
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Background model validation DO

SINGLE OBIJECT KINEMATICS

p17+p20 et+u channel p17+p20 e+p channel = o p17+p20 e+u channel p17+p20 e+p channel
1-2 b-tags| 1-2 b-tags 400 1-2 b-tags 1-2 b-tags
$ 2-4 jets 200 24 jets F 2-4 jets
300+
= 2000 =
i g 2o g1 i
100F
50 100 % 50 50
pTﬂeilon'.i [GeVl E IGeV]
p17+p20 e+u channel 400f pl17+p20 etp channel] 55 p17+p20 e+u channel p17+p20 e+p channel
1-2 b-tags| 1-2 b-tags 1-2 b-tags
24 jets 300{- I 24 jets 24 jets 100
=" 200 | ="
i E 8 g
T
50 4 50 50 100 150 1
p,liet3) [Gevl P, iet4) [GeV] p ttagl) [GeVl p,{tag2) [GeV1

Yield [Eventa/5GeV]

100 150 200 250

50 100 150 200 250
Eljet2) [GeVl Ellight1) [GaV]

2 0 2 2
QUleptonbaljett) Queptonk-Etaljet?) .

p17+p20 e+u channel 100~ p17+p20 e+p channel 300 p17+p20 e+u channel pl17+p20 e+p channel

1-2 b-tags| 1-2 b-tags | 1-2 b-tags 300 1-2 b-tags

24 jets 24 jets 2.4 jets 24 jets
o 200~ & ap0f

5 o g H d
100 100
. 0 2 0 2 0 £ 1
CH lentnnbod Eohi 2} CHlentonhmibesily

“May 3,.2009

“* @ Check thousands of
distributions to verify
ot o Heww  Packground model
=z before and after
tagging

,#@ Several classes of

discriminants

Single object
kKinematics

Event kinematics
Jet reconstruction

Top quark
reconstruction

Angular correlations

p17+p20 e+ channel p17+p20 e+p channel = L pl17+p20 e+u channel 600 p17+p20 e+ channel H H
1-2 b-tags [ 1-2 b-tags - 1-2 b-tags 1-2 b-tags Va rl a eS u Se I n
2.4 jets 600/ 2.4 jets F 2.4 jets 2.4 jets
400 I
&, 400 -k
z § oo H
Ty : 4
50 100 150 q 50 50 100 a0 50 100 Bl
p, Uight1) [GeVi p,llight2) [GeV p,tbest1) [GeVl p,(notbest?) (GeVi
p17+p20 e+u channel p17T+p20 e+p channel r p17+p20 e+u channel p17+p20 e+p channel
1-2 b-tags| 1-2 b-tags - -2 b-tags 1-2 b-tags
2.4 jets 2.4 jets 300~ 2.4 jets 300 2.4 jets .
F —
[ g 200 i 2004
i - 4
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w Systematics

a Statistically limited measurement 8 Estimated for each background and
# But systematics is important signal source in each analysis

. channel
. # Affects normalization and shapes _ _
| # Background uncertainty dominates

i Systematic Uncertainties Systematic Uncertainty Rate Shape
Ranked from Largest to Smallest Effect Jet Enerav Scale 0_10% /
on Single Top Cross Section 9y b
" . " - v
DG 2.3 fb-' Initial + Final State Radiation 0...15%
FE T — Parton Distribution Functions 2..3% v
-1D tag_rate functions (21_70)% (1-{39)\\ MGI‘ITE Carlﬂ Generatar 1 501'{)
(includes shape variations) (9.0-11.4)% (2-tags) Event Detection Efficiency 0..9%
Jet energy scale (1.1-13.1)% (signal) . )
(includes shape variations) (0.1-2.1)% (bkgd) Luminosity 6%
W+jets heavy-flavor correction 13.7% Neural Net B-tagger v
I Integrated luminosity 6.1% Mistag Model v
Jet energy resolution 4.0% Q2 scale in ALPGEN MC v
Initial- and final-state radiation (0.6-12.6)% Input variable mismodeling v
b-jet fragmentation 2.0% —
S , Whb+Wcc normalization 30%
pairs theory cross section 12.7% —
Lepton identification 2.5% We normalization 30%
Whbb/Wece correction ratio 5% M|5tag normalization 17...29%
Primary vertex selection 1.4% \ | ftbar normalization & mmﬁ 23% v )
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Cross section

o
N

# Discriminant outputs (from each
analysis channel separately) are
used to measure cross section

Position of peak
= o(tb+tqb)

ot
w

68.27% of area
=+ Ac

# Build Bayesian probability density
with flat nonnegative prior for the
Cross section

©
-

ll]llllllllll] lllll]llllll

# Peak of posterior distribution
gives the cross section, 68%

Posterior Probability Density [pb™]
o
N

L 1 1 | L ! I L I
0 0 2 4 6 8

interval gives the uncertainty Single Top Cross Section [pb]

# Shape and normalization
systematic uncertainties are Discriminant -
treated through nuisance .
parameters with Gaussian .
distribution l (s i 52

ape systematics Z
# Correlations are properly :
taken into account
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# Build ensembles of pseudo-data

# Includes signal and background
events or background only

# Includes all systematic
uncertainties

# Purpose before data
# Test performance of different

methods

# With data

# Measure expected cross
section uncertainty

# Expected significance

# Consistency of the measured

No. of 2.3 fb™' pseudo-datasets

10°
10

10°

1055

10‘;

Statistical analysis

Significance — probability of the
upward background fluctuation that
gives observed result in data

1

Boosted Decision Trees

2

22.8M pseudo-datasets (background-only)
54 above measured cross section

3

p-value = 2.4 x 107

Observed significance

d cross sec

=460

4 5 6
tb+tgb Cross Section [pb]

= 2x100M
. Pseudoexperiments

+
JJJ'

s

’

™

1
<  Median s+boutcome

Signal + Backgreund
Background only

k!
A

" Expected p-value

p-value:
Fraction of
zero-signal
ensemble
datasets that

giveog=20_

as

Likelihood
ratio
technique

P(data|s+b, (:?)

cross section with the SM wE ~{ 0= ,\
L g "E N P(data|b.0)
# Observed significance ey e e e e
-2InQ
\MaX 3..2009 Elizaveta Shabalina (Uni Goettingen) — APS April 2009 meeting 22




Signal from background separation

3 :_ : single top
Signal model —»  Multivariate FE i
separation — ;i 0 . Ao
Ba technique )

Combine many variables into

one discriminant 6 003030470506 07 05 09 1
; . ol Diseriminant Output
Test of hypothesis Hy: signal background signal
vs hypothesis H,: background
Boosted .
g Matrix elements Neural Networks ikeli '
[_de0|3|on trees Likelihood function
o Rl psignal
pii' | ]
faliaat” | LA g AT
w Combined analysis @& Separate search W
t-channel + s-channel = one single-top signal consider t-channel and s-channel as
cross section ratio is fixed to SM value. separate processes
important for ,,observation“ and |V, | test important for new physics search
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Boosted Decision Trees

Cut based technique

Does not reject events that
fail the cuts

# Boosting — averaging over
many trees — improves
performance and stability

# Adding additional input
variables does not degrade

performance
- DO 64’ CDF: 20 inpUt CDF Run Il Preliminary, L=3.2 fb’
variables 120f | | |
o 1005—
L Significance syt g wf
[ﬂ:l_]‘] EXFI Obs. [pb] _‘é 502— %Z,
5 ol
DO 23 43 460 37710 S |
@ 2 52 35 2170 o —
BDT Qutput (2 jets, 1 tag)
“May 3,.2009 — Elizaveta Shabalina sUni Goettingen) — APS April 2009 meeting 24

Event Yield

500
¢ Dat 1
. b tob D& 2.3fb
Il Wbb
400 [~ I wce
| B wWijj+Wej 150
Z+jets
|y
300 - | tt':))l+jets 100
Bl Multijets
200 %
8s
100
0

0 0.2 0.4 0.6 0.8 1
Boosted Decision Trees Output




Neural Networks

Hidden

Bayesian NN 5 500 — 1
: € | Soe D@ 23fb
Weighted average over = 40l | =02
S | W Wi+ Wei 150
hundreds of networks 2 = s
Better stability WL =
# Immune to overtraining 2
# 18-25 input variables ooy
o :
0 0.2 0.4 0.6 0.8 1
# 4 networks

Bayesian Neural Networks Output

# Each divided into 2
channels according to

All Channels CDF Il Preliminary 3.2 fb'1

the trlgger ..g Es._ingle top 33 g

: | it _ _ 7 -ﬁ

# 14 variables 2 300k o 3

e | EEkiaon '-._ =

L Significance 04+ § 200} Sadn” h P

= data ==l T

[ﬂ)—l] Exp. Obs. [pb] € 86 07 0B 05 1 §

© 100} E

+1.2 2

DO 23 410 520 4712 5
@ 32 52 35, 18708 o
NN Output
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Matrix Elements

RNt # Given 4-vectors of reconstructed

) : g DG 2.3 fb”
o lepton and jets compute event > 100 -
/ A probability density for signal and & H.> 175 GeV
= background hypothesis L

# Probability calculation ingredients:

# LO matrix elements (s, t, Wbb, Wcc,
e Wcj, Wgg, tt, ...)

50

# Parton Density Functions
e A 8 Detector resolution effects 0 g,
# Improve performance by 0 Matrix Elements Output
x}‘“wﬁ.f ., a# DO: splitting samples by H; into tt

*l._f, / and W+jets dominated regions e
N # CDF: weighting events by jet flavor — COF Run Il Prefiminary, L7320 &
MM probability :

L Significance Tstt %

[fb~1] Exp. Obs. [pb] E

8

DO 23 410 500 43710
@ 32 19 43 25707

IR T T N T T T W T T TR T S N S
uon2IPald 0} PAZI[BULION :

0 0.2 0.4 0.6 0.8 1
Event Probability Discriminant
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Multivariate Likelihood Function

Ryud Psignnl . .
_ SWIL o F Combine many variables
L2 P+ Bt [ P e into a likelihood function

EJ:EgH;J.'
i=1 r

CDF Run Il Preliminary, [Ldr =32fb"
Triggered Lepton W+2 jets SecVix+SecVix 4 pData

W schannsl

CDF Run Il Preliminary, L=3.2fb"

s-channel

® 0.1020.30.4050.60.70.8 09 1

Likelihood Discriminant

#@ Events with 2 b-tags
#@ 2 classes: tt and W+HF
# 9-10 variables

0 01 02 03 04 05 05 07 08 08

normalized to data
t-channel likelihood

@ Signal template built for t-channel
8 4 background classes: Wbb, Wcc/
Woc, tt, mistags

# 7 (10) variables in 2 (3) jet bin to
iIsolate t-channel contribution

. L Significance Ostt
[fb='] Exp. Obs. [pb]

LF 32 400 240 1671
s-channel 32 110 200 15%}
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More resuilts...

Separate search using NN

# 5 networks, 2 outputs combined into
2D discriminant in 2j1tag channel

CDF Il Preli

MET+ jets combined search i

inary 3.2fb™  Aln(L)

CDF Run Il Preliminary, 2.1 fb! Excl. SecVTX

—_
Ke]
e300
24 G =
o -
c = — #DATA
o 2
= [ B Top T
o @ 250 — c
8 I.I>.I = 3 BTops 0
— ] -
[ r o # Multijet G
= SN =
] NN T
o 200— O AN N AN N NN, lDiboson
- AN
A o
5 C FAAAANAR AN R,
e Z+hf.
- AL
r - B | =
=3 [ A A I T S T A AR A A (7]
c = B R P W+hi
: — AR
1 = E 150 e i I i I ) B L
c : - S A S t b
= E 0 = ] S
Q = = R A A R N
T E RS RN
- 33— et =
0.5 100 )
A +07 1.4 R 5 E
. \ . e [
0 2 . s
0051152253354455 *V_0.6 BB
. ettt Q
i 50 =
s-channel cross section [pb] BN

__CDF Run Il Preliminary, L = 3.2b" t-ch O.7+0'5 1.0 o099

B + COF 1 Do —0.5 04 02 0 02 04 06 08 1
¢ 3.5F — Theoryéeta) Final NN Discriminant Qutput
3 -
2.5}f
2 - L Significance 044+
E o Simultaneous fit [(b=}] Exp. Obs.  [ph]
1
of 0_and g, (LF) Erijets 21 ldo 210 4.9%2%
0k ,
0 3




Cross check samples

Cross checks of discriminant performance using samples depleted in signal
# Untagged (high statistics) OT Channels __ CDF Il Preliminary 3.2 fb”

. . = -Ig 6000 M single top
# W+jets (nj=2, 1 b-tag, H+(l,v,jets) < 175 GeV) o - @ me )
T - < wl EWe o
# tt dominated (nj=4, 21 b-tag, Hr > 300 GeV) @ Hwag =
% 4000 - [ Z+jets 2
W+Jets Cross-Check Sample 5 geD E
un Il Preliminary, L=3.2 fb" (3] B =
5400_ DG 2.3 fb ) Etata . CDF Run Il Preliminary, L=3.2 ft 82000 E
- r qb 4000 | g
5300' Hr<175Gev ~ Wbbm | BDT
o | + 1 b-tag mjrvvig : g3000 =
200}~ 2lets Non-W © g 0.5 1
Multijets I %ooo _(% NN output
100 BDT | S :
MET + jets
02 04 06 08 1 0| . ; X
Boosted Decision Trees Output 1 0 ° 09 BDT2j1t1 QCD eanChed Sample

E-PH Irs C ross-Check Sample CDF Run Il Preliminary, 2.1 fb" Excl. SecVTX
i BNN P :

0
- 80 ) CDFI Run || Pr‘eliminary,‘ L=2.7 fb‘1‘ gwnz il +DATA
T’ N Dg 2-3 fb_ = — Top T c
S : Data ¢ 100 lﬁ&nou: Bros §
- i tb+tqb ] :_ [ Muttijet -]
[= 7]
@ 60 + H;>300GeV  Non-t B E 8 ' omesen 8
T 1,2 b-tags tt—>4 M o 2000] e |3
ok djets ti—l+jets M g 60 z : By 2
+ Multijets I ] z 1500 K
5 40 g - e E
ool 5 8 1000 - :
20 g g o
5 500 s 2
L 2 o o]
(b 02 04 06 08 . .oy 02 04 06 0.8 y R R T ‘op-ﬁ__f e 1\ -
Bayesian Neural Networks Output chiz/DoF: 24 5140: 6. Axvent Probability Discriminant Final NN Discriminant Output
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| S-Channel

Combinations

Choose a priori to quote combination result as main » o e==220 i,

NeuroEvolution of w
Augmenting Topologies

a NN trained to give best =~ 5ayesian Neural

expected p-value Network :
s Optimizes network - Inp.uts.. _ :
topology, inter-node 3 discriminants | Y . 3
We|ghts output binning (BDT, ME, NN) 0 0.1 02 03 04 05 06 0.7 08 0.9 1
B |4 # 57/+74% correlation rourel Hetwork Oulpt
a LV]PUt_S- S Iﬂtets(BDT i Tl Final Discriminant
iscriminants TENRPI = ——
NN, LF, SLF), MET+ jets f%gs't'v'ty' 4303 . Th.D@ 23f
& Sensitivity: 5.2 - >5.90 LRt H Data 4
S Mt tb+tgb M
E 400 R Ranked Combination Output W+jets_ —
L Significance Ts+t o : o Multijett; =
[fb~'] Exp. Obs. [pb] f 200} -
DO 23 45 500 3.970° @ervation I N .
@ 32 500 500 23708 o 02 D4 @6 @8 1

Ranked Combination Output
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Can we see it?

# |Look at high discriminant regions
| BNN combined D >0.92, all channels |

N (oY)
o o

Yield [Events/0.8]
o

High Signal Region — Q xn

. D@ 2.3 fb™

Ranked
~ Combination
Output > 0.92

0 -2 0 2 4

Q(lepton) x n(light-quark jet)

Yield [Events/30GeV]

w
o

N
o

-
o

High Signal Region — my,,

D@ 2.3 fb™

Ranked
Combination
Output > 0.92

100 200 300
Top Quark Mass [GeV]

| The most sensitive channel: 2 jets, 1 b-tag |

Yield [Events/20GeV]

DO

Signal normalized
to measured o

DG 2.3 fb™

40

30

20

10

TT T T[T T

Signal normalized
to expected SM o

100

all channels
+ BNNcomb > 0.9

+

200 300 400 500

H (jets,l,v) [GeV]

CDF Run Il Preliminary, L=3.2 fo' . 2Jets 1Tag CDF Il Preliminary 3.2 fb” CDF Run Il Preliminary, L=3.2f0" |5
30 2 M singletop| € i ‘ T [Dweliht
M E dc'.' Ot _ 2 0Ff lmm n
> @ wbb+wce| 2 BDT WVisbotiom
@ 25} ] mWc K 2 25t —
ﬂc.) EPD>0.9 P W wWaqq s S D>0 6 .m:;
= 20 - [ Diboson | = 4 .
9 S Ez+ets ] D 20f
) = 5 [ QcD 2 i) z
3 15[ g 2 « data E .‘.5 15[ 135
] % © = ] =
S 10} 1 o g q 10f 18
8 : :
St g o 5t 1z
& = Z
: 0
O o a4 o 1 2 3 200 250 05 0 05 1
QxEta M (Ivb) [GeV/c’] KIT flavor sep.
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Measurement of |Vy|

q t q’ g
Ve |V 25 U meas [V |2 W
th, meas| — th, SM V7
) w+ USM b . t
q’ b g -

8 Assume |Vy|*+|Vis|*’<<|Vp|*, SM (V-A) and CP conserving Wtb vertex
# No assumption on the number of quark families or CKM unitarity

2 Additional CDF Run Il Preliminary, L = 3.2 fb‘1
b | -1 -
§ 15 DG 2.3 Systematic Uncertainties ‘E -
o for the |V,,| Measurement i P Vel>071(95%CL)
T VipfH| =1.07 £0.12 £
50 Vi DG 2.3 fb-! 2
c I flat prior > 0 For the tb+tqb theory cross section Ee. 3
0,5; Top quark mass 4.2% 'g -
I Parton distribution functions 3.0% § r
0 .., I ‘ Factorization scale 2.4% - 95%
0 0.5 1 15 2 25 3 _ B e T T
IV, 2 Strong coupling ay 0.5% 0 02 04 v, 06
DY Vil 11=1.0720.11(sys+th) Vio|=0.91+0.11(sys)20.07(th) SR
|Vir[>0.78 at 95% CL IVip|>0.71 at 95% CL
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Summary ' |'

# Single top quark production has been ;
observed at Tevatron by CDF and DO ALl BT ‘ .

with signal significance of 5o

ArXiv:0903.0850
&5 ArXiv:0903.0885

# Both cross section and |Vy)|
measurements agree with SM
CDF Preliminary Single Top Summary
DG 2.3fb™ March 2009 For M, = 175 GeV/c®
S-Channel

| Likelihood,Function | 1.5+ 09
Decision Trees 3.74 i8;$g pb (3.2f7) 0.8

|

. 1.18
B NN —e— 4.70 lyg3 pb eural Nefwor —
ayesian Is 093 P Neural Mepwork 8+0.6

Matrix Elements 4.30 995 pb Matrix Element 5+ 97

| Likelihood, Function B 0.8
BLUE Combination 4.16 0.84 pb (3.21) 0.7

| Boosted Decision Tree 1 g;

| (3.277) ;
BNN Combination 3.94 1088 pb Combinatipn (Lepton+Jets) 1 0.6

: (3.2 ) : 0.5
mmmm N Kidonakis, PRD 74, f114012 (2008) my,, = 170 GeV ME 15 9+ 28

| . .

] (i) | ] I | 5 I | ] | 10 | | Icon;;)g?;lgn (A" Chalnnels} _I3 g:g
- -5 0 5
o (pp — th+X, tgb+X) [pb] Single Top Production Cross Section (pb)
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Outlook | |'

From R.Wallny's Wine and ‘
Cheese talk, 03/10/2009

This is just the beginning of

Tevatron Run Il, pp at\'s = 1.96 TeV

the single top physics ERR T - cor potmnan
=] { | Heavy Flavor = ublishe
# Precise measurements of o; il i MTheory
and o g
. . G 1075
a Top quark polarization giol| W
s talks by Ji-Eun Jung and gt %2
B.Casal in this session S 107 wr zq .
s Search for Anomalous Top 1?&5 “0ordors | o pﬁ;‘émz
quark couplings Jr—
s Combination with W helicity -m-ﬁ
from tt (in this session talk 107 R T 1 %. -
by R.Schwienhorst) " v, %
* W'and H' searches Milestone in the race
8 Top production through FCNC for Higgs Boson !
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Public web sites

More details can be found on the public pages of the
experiments:

http://www-cdf.fnal.gov/physics/new/top/public_singletop.html

http://www-d0.fnal.gov/Run2Physics/top/singletop_observation
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